[Abstract] The temporally dissociated passive avoidance (TDPA) paradigm is a variant of passive avoidance testing, and allows for more sensitive investigation of mild impairments in avoidance learning. Passive avoidance learning measures the latency to enter a "dark" context in which an aversive stimulus (foot shock) has been previously experienced using a light-dark box paradigm. Briefly, the animal is placed into the light side of the box and the time spent to cross into the dark side is measured. After entry into the dark chamber, the animal receives a mild (0.4-1.6 mA) footshock and is removed from the box. After a period of time, typically 24 h (note that this is entirely dependent on whether various levels of memory retention, e.g., short or long, are being measured), the animal is placed back into the box and cross-over latency is measured. Passive avoidance is learned after one trial and results in a robust increase in crossover latency. This behavior requires the association between a normally neutral environment and an aversive stimulus, and is dependent on hippocampal function (Stubley-Weatherly et al., 1996; Impey et al., 1998) . TDPA extends this learning across multiple once-daily trials, producing a more graded and malleable latency score, and thus allows a more sensitive evaluation of changes in hippocampal function The task remains dependent on an intact hippocampus (Zhang et al., 2008) , and subtle changes in hippocampal gene expression can result in robust alterations in TDPA latency scores (Eagle et al., 2015) .
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We describe here a common method used to assess TDPA learning in mice. http://www.bio-protocol.org/e1821 4. Once the mouse has crossed over, lower the door. After repeated trials, most non-experimental mice (e.g., wild-type C57BL/6J with no manipulation) will reach criterion. Criterion typically consists of 300-600 sec in the light side without any crossover. The determination of the criterion is entirely dependent on the experiment.
Materials and Reagents
Once an animal has reached criterion it is manually removed from the light side (no footshock is given). It no longer undergoes additional testing and crossover latency is considered maximal for remaining sessions.
5. After a specific amount of time in the dark side (see below), apply a single foot-shock to the grid floor. The amount of time and the shock intensity will determine (affect)
cross-over latency in subsequent trials (see Figure 2) . 6. Allow the mouse to remain in the dark chamber for 30 sec after the foot shock to associate the environment with the aversive stimulus, then remove mouse to home cage.
http://www.bio-protocol.org/e1821
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Copyright © 2016 The Authors; exclusive licensee Bio-protocol LLC. 4 7. All the urine and fecal boli must be removed from both sides of the chamber, and the chamber cleaned entirely with 70% ethanol to remove any residual smell from the first mouse. Afterwards, the next mouse may be submitted to the test. 
Notes

Determining timing and intensity of shock
Increasing the time between entry into the dark chamber and foot shock and/or decreasing shock intensity can be used to achieve greater sensitivity for detection of mild learning impairments (Figure 2 ). For instance, if a robust reduction in hippocampal function resulting in an expected increase in crossover latency is hypothesized, a strong shock (1.2 mA) and/or short time before shock (30 sec) could be used to elicit maximal differences between groups. In contrast, if a mild reduction in hippocampal function is hypothesized, a moderate shock (0.4-0.8 mA) and time before shock (5-10 min) could be used to detect a modest reduction in crossover latency, particularly in later sessions. Across five days of TDPA, mild impairment in hippocampal function results in a rightward shift in the learning curve (Eagle et al., 2015) . However, it should be expected that increasing time and decreasing intensity will also contribute to greater between-subject variability and across-trial variability.
For extended (e.g., 5-day) learning, times ranging from 30 sec to 600 sec and intensity ranging between 0.4-1.2 mA are recommended. Other variables may also alter http://www.bio-protocol.org/e1821
Copyright © 2016 The Authors; exclusive licensee Bio-protocol LLC. 5 behavior, including time to criterion. While we provide suggested parameters, we strongly recommend conducting preliminary studies to address the needs of your own experiments.
Measurement/control
The protocol we present is based on a manual setup. However, many hardware and software suppliers allow for alternative methods of measurement and testing control.
Measurements can be achieved by automated video tracking or photobeam systems.
Typical measurements consist of crossover latency across trials ( Figure 2 ) and survival graph depicting the % of animals (per experimental condition) reaching criterion across trials. No behavior is recorded during the shock because the mouse is in an opaque dark chamber. Crossover latency to enter the dark side (from the light side) is the only behavior that is assessed.
Environment and other factors
It is critical to control all aspects of the environment in order to achieve consistent, replicable results. Testing should always occur in a controlled environment with minimal extraneous sounds or visual and olfactory stimuli. This is best achieved by conducting testing in a quiet, dim room and may be further enhanced by placing the light-dark box in a sound attenuating cubicle. As circadian condition has been shown to affect learning and memory, we recommend that training and testing be performed with fixed time span for all sessions (e.g., 2-4 h into light cycle to determine behavior in the inactive phase or 2-4 h into dark cycle for the active phase).
Animal considerations
It is important to conduct preliminary studies in order to characterize the behavioral phenotype with particular equipment, environment, and animals. This is especially true in the case of varying mouse strains, either inbred or outbred, if mice have been surgically or behaviorally manipulated prior to TDPA testing, or for determining differences in juvenile mice or sex effects. If factors such as genetic or pharmacological alteration are involved, it is important to determine whether these factors affect sensitivity to foot shock and spontaneous behavior in the light-dark box.
We recommend first running a 5-10 min light-dark box test to examine the number of transitions between the two chambers and the total time spent in the light chamber. In addition, some labs prefer to pre-handle mice for 5-7 days and singly house the animals prior to TDPA training/testing.
